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ANTENNA AND RADIO DEVICE COMPRISING THE SAME 



(57) An inverted-F type antenna and a wireless de- 
vice using the same. The antenna element comprises a 
grounding conductor plate and a conductor at least a 
part of which is generally spiral in shape and is disposed 
above the grounding conductor plate apart from the 
grounding conductor plate. A stub connects one end of 
the antenna element with the grounding conductor 
plate. A feeding point locates on the antenna element 
at a predetermined distance from one end of the anten- 
na element and a feeder line electrically connects the 
feeding point with an external circuit. The antenna ele- 
ment is secured on the grounding conductor plate with 
a support member made of a dielectric material. 



FIG. 1 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to antennas for 
installation in wireless devices such as for mobile com- 
munication and to wireless devices using the antennas. 

BACKGROUND ART 

[0002] In recentyears, with the increasing demand for 
wireless devices for mobile communication, various 
communication systems have been developed, and a 
high performance, small, and lightweight wireless de- 
vicethat complies with a plurality of communication sys- 
tems by an integrated unit is being desired to come out 
on the market. Accordingly, there is an inevitable de- 
mand for the development of antennas equipped in 
these wireless devices. 

[0003] Typical example of a device for such mobile 
communication is the portable telephone system, which 
is widely used all overthe world and the frequency band 
of which varies depending on the area. As an example, 
the frequency band used for digital portable telephone 
system is 81 0 to 960 MHz in Japan for Personal Digital 
Cellular 800 (PDC800) system, and in Europe and 
America, 890 to 960 MHz for Group Special Mobile 
Community (GSM) system, 1 ,71 0 to 1 ,880 MHz for Per- 
sonal Communication Network (PCN) system, and 
1 ,850 to 1 ,990 MHz for Personal Communication Sys- 
tem (PCS). As far as the antennas built into the portable 
telephones conforming to these systems is concerned, 
planar inverted-F type antennas have been generally 
and widely used so far. A description will be given on a 
typical example of such antennas referring to Fig. 26 
and Fig. 27. 

[0004] Fig. 26 is a perspective view of a prior art an- 
tenna. Fig. 27 is a partially cut-away perspective view 
of the rearside of a portable telephonethat incorporates 
the antenna. In Fig. 26 : for example, grounding conduc- 
torplate2 made of 0.2 mm thickcopper alloy is disposed 
underneath and in parallel with antenna element 1 made 
of copper alloy plate having approximate dimensions of 
35 mm x 45 mm, and 0.2 mm thickness located at a dis- 
tance of 9 mm from antenna element 1. Though not 
shown in Fig. 26 and Fig. 27, antenna element 1 is se- 
cured to grounding conductor plate 2 by means of a sup- 
port member made of a resin-based dielectric material 
such as ABS and PPO. First terminal 3 formed on one 
end of antenna element 1 is electrically connected with 
grounding conductor plate 2 by soldering and the like 
method. Antenna 7 is configured in a manner such that 
second terminal 5 is provided at feeding point 4 near 
first terminal 3 of antenna element 1 being protruded 
from grounding conductor plate 2 through hole 6 without 
any electrical contact with grounding conductor plate 2. 
On the other hand, as shown in Fig. 27, antenna 7 is 
disposed inside rear case 9 of portable telephone 8. 



Though not shown in Fig. 27, grounding conductor plate 
2 of antenna 7 is electrically connected with a metal 
shielding section formed on the inside surface of rear 
case 9, and second terminal 5 of antenna 7 is electrically 
5 connected by press fit and the like method with a radio 
frequency circuit board disposed inside rear case 9 of 
portable telephone 8. 

[0005] A description on the operation of antenna 7 de- 
scribed above and portable telephone 8 employing an- 

10 tenna 7 will now be given in the following. 

[0006] First terminal 3 formed on antenna element 1 
of antenna 7 is an inductive line while the other parts 
excluding the part of first terminal 3 of antenna element 
1 as viewed from feeding point 4 forms a capacitive line. 

15 Side lengths L1 , L2 of antenna element 1 , width L3 of 
first terminal 3, and distance L4 between first terminal 3 
and feeding point 4 are so determined that the input im- 
pedance of antenna 7 in a desired frequency band as 
viewed from feeding point 4 of antenna element 1 will 

20 give a desired value. The input impedance is deter- 
mined by the position of feeding point 4, namely L3 and 
L4, and the impedance matching with the input/output 
impedance of 5012 of the radio frequency circuit can be 
obtained in a desired frequency band. When transmit- 

25 ting or receiving with portable telephone 8, the signal 
power as transmitted or received in a desired frequency 
band by antenna element 1 is put out from or supplied 
to the radio frequency circuit placed in rear case 9 of 
portable telephone 8 through second terminal 5 formed 

30 on antenna element 1 , respectively. Technical details of 
such a planar inverted-F type antenna are published in 
"New Antenna Engineering" (in Japanese), 
ISBN4-91 5449-80-7, pages 109-114, and many other 
technical papers and books. According to these litera- 
ls tures, the planar inverted-F type antenna is suitable as 
an antenna for portable telephones that require a small 
size, high gain, and wide directional radiation pattern. It 
gives an advantage of not only enabling relative down- 
sizing and slimming for incorporation into the case of a 

40 device but also providing freedom of device design. 
There is also an advantage that, by built-in constitution 
of the antenna, the antenna is better protected from me- 
chanical shocks than a non-built-in antenna, and the an- 
tenna will scarcely experience mechanical damage 

45 thereby lengthening life of the antenna. 

[0007] However, the operating frequency band, being 
a key factor of electrical characteristics, of these prior 
art antennas has only a specific bandwidth of approxi- 
mately 3% at the maximum. The only way to improve 

50 this is to enlarge the shape, which will make the antenna 
inappropriate for use as a small, thin, wide-band, and 
high sensitivity built-in type antenna that is demanded 
by the market. Also, even though wide bandwidth and 
high sensitivity are pursued at the expense of miniatur- 

55 ization, a complicated impedance matching circuit will 
be required between the antenna and the radio frequen- 
cy circuit thus presenting an obstacle for price reduction 
of portable telephones. 
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SUMMARY OF THE INVENTION 

[0008] The present invention addresses the problems 
discussed above, and aims to provide a built-in type an- 
tenna with a miniature size, wide bandwidth, high sen- 
sitivity, multi-band capability, and easy-to-match imped- 
ance and therefore a wireless device using the antenna 
with high productivity, low cost and good speech quality. 
[0009] In order to achieve the above object, the an- 
tenna in accordance with the present invention compris- 
es a grounding conductor plate, an antenna element 
consisting of a conductor at least a part of which is gen- 
erally spiral in shape and disposed on the grounding 
conductor plate at a distance, a stub for electrically con- 
necting an end portion of the antenna element with the 
grounding conductor plate, and a feeder line for electri- 
cally connecting a feeding point spaced apart from the 
end portion of the antenna element by a predetermined 
distance with an external circuit, where the antenna el- 
ement is an inverted-F type antenna secured onto the 
grounding conductor plate by means of a support mem- 
ber made of a dielectric material. 
[001 0] The antenna in accordance with the present in- 
vention has many configurations as given in the follow- 
ing. 



configured with a conductor that is generally spiral 
or generally meandrous in shape. 
(13) Two antenna elements that are fed in opposite 
phase can be provided. 
5 (1 4) The grounding conductor plate and the ground- 
ing metal member of a wireless device can be 
shared. 

[001 1] According to the present invention, as the an- 
10 tenna element is a conductor that is generally spiral or 
generally meandrous in shape, the distance from one 
end of the antenna element to the feeding point and the 
thickness, length, pitch of the spiral and meanders can 
be easily determined, and therefore impedance match- 
's ing corresponding to a desired frequency band can be 
obtained with ease, enabling to get a wider bandwidth, 
multi-band capability, and higher sensitivity required of 
an antenna. Also, as a generally spiral or generally me- 
androus conductor is used, a small and thin antenna 
20 with a simple structure and a high productivity can be 
obtained. Wireless devices using the antenna in each 
configuration described above and wireless devices 
equipped with two of the antennas for diversity commu- 
nication are also covered by the present invention. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 



(1 ) At least a part of the antenna element disposed 
on a grounding conductor plate is a conductor that 
is generally meandrous in shape. 

(2) At least a part of the antenna element disposed 
on a grounding conductor plate is a conductor that 
is generally spiral and generally meandrous in 
shape. 

(3) At least a part of the stub of an antenna element, 
the antenna element, and the feeder line is a 
straight conductor. 

(4) At least a part of the antenna element is a 
straight conductor. 

(5) At least a parasitic antenna element is disposed 
in proximity to the antenna element. 

(6) At least a part of the parasitic antenna element 
is configured with a conductor that is generally spi- 
ral in shape. 

(7) At least a part of the parasitic antenna element 
is configured with a conductor that is generally me- 
androus in shape. 

(8) At least a part of the parasitic antenna element 
is formed with a straight conductor. 

(9) The antenna element is bent at a predetermined 
point on the antenna element. 

(10) A branched antenna element is provided at a 
part of the antenna element otherthan the end por- 
tion. 

(1 1 ) At least a part of the branched antenna element 
is configured with a conductor that is generally spi- 
ral or generally meandrous in shape. 

(12) At least a part of at least one of the stub and 
the feeder line connected to the antenna element is 



30 Fig. 1 is a diagram to illustrate an antenna configu- 
ration in Exemplary Embodiment 1 of the present 
invention. 

Fig. 2 is a diagram to illustrate an antenna configu- 
ration in Exemplary Embodiment 2 of the present 
35 invention. 

Fig. 3 is a diagram to illustrate an antenna configu- 
ration in Exemplary Embodiment 3 of the present 
invention. 

Fig. 4 is a diagram to illustrate an antenna configu- 
40 ration in Exemplary Embodiment 4 of the present 
invention. 

Fig. 5 is a diagram to illustrate an antenna configu- 
ration in Exemplary Embodiment 5 of the present 
invention. 

45 Fig. 6 is a diagram to illustrate an antenna configu- 
ration in Exemplary Embodiment 6 of the present 
invention. 

Fig. 7 is a diagram to illustrate an antenna configu- 
ration in Exemplary Embodiment 7 of the present 
50 invention. 

Fig. 8 is a diagram to illustrate an antenna configu- 
ration in Exemplary Embodiment 8 of the present 
invention. 

Fig. 9 is a diagram to illustrate an antenna configu- 
55 ration in Exemplary Embodiment 9 of the present 
invention. 

Fig. 1 0 is a diagram to illustrate an antenna config- 
uration in Exemplary Embodiment 1 0 of the present 
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invention. 

Fig. 1 1 is a diagram to illustrate an antenna config- 
uration in Exemplary Embodiment 11 of the present 
invention. 

Fig. 1 2 is a diagram to illustrate an antenna config- 5 
uration in Exemplary Embodiment 1 2 of the present 
invention. 

Fig. 1 3 is a diagram to illustrate an antenna config- 
uration in Exemplary Embodiment 1 3 of the present 
invention. 10 
Fig. 1 4 is a diagram to illustrate an antenna config- 
uration in Exemplary Embodiment 1 4 of the present 
invention. 

Fig. 1 5 is a diagram to illustrate an antenna config- 
uration in Exemplary Embodiment 1 5 of the present is 
invention. 

Fig. 1 6 is a diagram to illustrate an antenna config- 
uration in Exemplary Embodiment 1 6 of the present 
invention. 

Fig. 1 7 is a diagram to illustrate an antenna config- 20 
uration in Exemplary Embodiment 1 7 of the present 
invention. 

Fig. 1 8 is a diagram to illustrate an antenna config- 
uration in Exemplary Embodiment 1 8 of the present 
invention. 25 
Fig. 1 9 is a diagram to illustrate an antenna config- 
uration in Exemplary Embodiment 1 9 of the present 
invention. 

Fig. 20 is a diagram to illustrate an antenna config- 
uration in Exemplary Embodiment 20 of the present 30 
invention. 

Fig. 21 is a diagram to illustrate an antenna config- 
uration in Exemplary Embodiment 21 of the present 
invention. 

Fig. 22 is a diagram to illustrate an antenna config- 35 
uration in Exemplary Embodiment 22 of the present 
invention. 

Fig. 23 is a diagram to illustrate a configuration of 
an antenna in Exemplary Embodiment 23 of the 
present invention and a portable telephone using 40 
the antenna. 

Fig. 24 is a diagram to illustrate a configuration of 
an antenna in Exemplary Embodiment 24 of the 
present invention and a portable telephone using 
the antenna. 45 
Fig. 25 is a diagram to illustrate a configuration of 
an antenna in Exemplary Embodiment 25 of the 
present invention and a portable telephone using 
the antenna. 

Fig. 26 is a diagram to illustrate a configuration of 50 
a conventional antenna. 

Fig. 27 is a perspective view of a portable telephone 
incorporating a conventional antenna with the rear 
side of the portable telephone cut away. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] Referring to Figs. 1 to 25, descriptions will be 
given below on exemplary embodiments of the present 
invention. 

Exemplary Embodiment 1: 

[0014] Fig. 1 illustrates an antenna configuration in 
Exemplary Embodiment 1 of the present invention. In 
Fig. 1 , antenna element 11 is an element made by form- 
ing into a spiral (hereinafter referred to as spiral element 
or spiral element section) a ribbon or wire of a conductor 
made of a conductive metal such as copper, copper al- 
loy, aluminum alloy, or stainless steel alloy, or one of 
these metals plated with a conductive metal such as Au 
or Ni. Antenna element 11 has an electric length corre- 
sponding to a desired frequency band. One end of spiral 
element 11 is left open and the other end is grounded 
to grounding conductor plate 15 through stub 12. Feed- 
ing point 1 3 in proximity to stub 12 is connected to feeder 
line 14. Grounding conductor plate 15 is disposed in a 
manner such that it is in parallel with the central axis of 
the spiral of antenna element 11 keeping a predeter- 
mined spacing. Spiral element 1 1 is secured on ground- 
ing conductor plate 1 5 by a support member (not shown 
in Fig. 1 ) formed by insert molding and the like method 
using a resin material having a predetermined dielectric 
constant and a low dielectric loss. It is shown in Fig. 1 
that antenna main section 10 comprises spiral element 
11, stub 12, and feeder line 14 (antenna components 
excluding grounding conductor plate 15 constitute an- 
tenna main section 10). 

[0015] Stub 12 is electrically connected with ground- 
ing conductor plate 1 5 by soldering, crimping, or press 
fitting. Feeding point 13 is set at a position at which spiral 
element 11 functions properly in a desired frequency 
band. Feeder line 14 passes through hole 16 provided 
on grounding conductor plate 15 so that it will not make 
electrical contact with grounding conductor plate 15. 
Though not shown in Fig. 1 , grounding conductor plate 
15 is electrically connected with a grounding conductor 
plate or ground line provided on a portable telephone by 
such method as crimping. Feeder line 14 is also electri- 
cally connected with an input or output terminal of the 
portable telephone by such method as crimping. 
[0016] A description will now be given on the opera- 
tion of antenna 17 that has been configured as de- 
scribed above. 

[0017] Antenna 17 consisting of antenna main section 
1 0 and grounding conductor plate 1 5 with hole 1 6 has 
the same construction as an antenna generally called 
inverted-Ftype antenna. Length L1 from stub 12 to feed- 
ing point 13, and length L2 from feeding point 1 3 to the 
open end are so determined that a desired impedance 
characteristic could be obtained in the desired operating 
frequency band. The input impedance of antenna 1 7 de- 
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pends on the position of feeding point 13 and, by prop- 
erly selecting the position, it can be approximately 
matched with the input or output impedance (50t2) of 
the radio frequency circuit of the portable telephone in 
the desired operating frequency band. In this case, as 
the central axis of spiral element 1 1 and grounding con- 
ductor plate 1 5 are arranged in parallel with each other, 
an electrostatic capacitance is produced between spiral 
element 11 and grounding conductor plate 15. As a re- 
sult, a capacitive reactance is added to the input imped- 
ance of antenna 17 making the operating frequency of 
antenna 17 high. However, an inductive reactance can 
be added by adjusting the position of feeding point 13 
thereby to cancel the capacitive reactance and to match 
the input impedance to 50£2. Also, it is obvious that the 
signal power that can be transmitted or received by this 
antenna in a desired frequency band is put out from or 
supplied to the radio frequency circuit of the portable 
telephone via feeder line 14, respectively. 
[0018] According to this exemplary embodiment, as 
described above, setting of the distance between stub 
12 and feeding point 13, and the thickness, length, spiral 
pitch of spiral element 11 can be made with ease and a 
desired impedance characteristic that corresponds to a 
desired frequency band can be obtained with ease. Ac- 
cordingly, it is possible to achieve an antenna having 
wider band and higher sensitivity while downsizing. 
[0019] By the way, the above-mentioned conductor 
sections of antenna 17 may be configured by various 
ways such as printing, sintering, laminating, and plating, 
and the support member may be formed with a combi- 
nation of various resin-based dielectric materials. 

Exemplary Embodiment 2: 

[0020] Fig. 2 illustrates an antenna configuration in 
Exemplary Embodiment 2 of the present invention. In 
Fig. 2, antenna 20 is configured in the same way as in 
above-described Exemplary Embodiment 1 with the ex- 
ception that antenna element 19 of antenna main sec- 
tion 1 8 is composed of an antenna element that is me- 
androus in shape (hereinafter also referred to as mean- 
drous element or meandrous element section). 
[0021] By employing this configuration, it is possible 
to easily obtain a desired impedance characteristic in a 
desired frequency band by adjusting the distance be- 
tween stub 12 and feeding point 13, the line width, 
length, pitch, etc., of meandrous element 1 9. According- 
ly, it is possible to achieve a wider bandwidth and higher 
sensitivity as well as downsizing of the antenna. Fur- 
thermore, by the use of an antenna element that is me- 
androus in shape rather than a spiral antenna element 
used in Exemplary Embodiment 1 , furtherthinning of an- 
tenna is also enabled. 

Exemplary Embodiments: 

[0022] Fig. 3 illustrates an antenna configuration in 



Exemplary Embodiment 3 of the present invention. In 
Fig. 3, antenna 22 is configured in the same way as in 
above-described Exemplary Embodiment 1 and Exem- 
plary Embodiment 2 with the exception that antenna 

5 main section 21 is composed of spiral element section 
11 and meandrous element section 19. 
[0023] By employing this configuration, it is possible 
to easily make a fine-tuning to obtain a desired imped- 
ance characteristic in a desired frequency band by ad- 

10 justing the distance between stub 12 and feeding point 
13, and the line width, length, pitch, etc., of spiral ele- 
ment section 1 1 and meandrous element section 19. Ac- 
cordingly, it is possible to obtain wider bandwidth and 
higher sensitivity of the antenna with a higher accuracy. 

15 In this Exemplary Embodiment 3, a further flexible 
downsizing and low-profile design of an antenna are en- 
abled by forming antenna element 21 with the combina- 
tion of spiral element section 11 and meandrous ele- 
ment section 1 9. 

20 [0024] By the way, similar advantage can be obtained 
in this exemplary embodiment by exchanging the posi- 
tions of the spiral element section and the meandrous 
element section. 

25 Exemplary Embodiment 4: 

[0025] Fig. 4 illustrates an antenna configuration in 
Exemplary Embodiment 4 of the present invention. In 
Fig. 4, antenna 25 is configured in the same way as in 
30 Exemplary Embodiment 1 with the exception that anten- 
na main section 24 is composed of a straight conductor 
in between stub 12 and feeding point 13 of the antenna 
element. 

[0026] By employing this configuration, the degree of 
35 freedom of design can be enhanced in addition to wider 
bandwidth, higher sensitivity, and downsizing capability 
of the antenna. 

Exemplary Embodiment 5: 

40 

[0027] Fig. 5 illustrates an antenna configuration in 
Exemplary Embodiment 5 of the present invention. In 
Fig. 5, antenna 27 is configured in the same way as in 
above-described Exemplary Embodiment 2 with the ex- 

^5 ception that antenna main section 26 is composed of a 
straight conductor in between stub 1 2 and feeding point 
1 3. By employing this configuration, the degree of free- 
dom for designing the antenna can be enhanced in ad- 
dition to wider band, higher sensitivity, and downsizing 

50 capability of the antenna. 

Exemplary Embodiment 6: 

[0028] Fig. 6 illustrates an antenna configuration in 
55 Exemplary Embodiment 6 of the present invention. In 
Fig. 6, antenna 29 is configured in the same way as in 
above-described Exemplary Embodiment 1 with the ex- 
ception that antenna main section 28 uses a straight 
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wire conductor as a part of the antenna element on the 
side of the open end. 

[0029] By employing this configuration, the degree of 
freedom of design can be enhanced in addition to wider 
band, higher sensitivity, and downsizing capability of the 
antenna. 

Exemplary Embodiment 7: 

[0030] Fig. 7 illustrates an antenna configuration in 
Exemplary Embodiment 7 of the present invention. In 
Fig. 7, antenna 31 is configured in the same way as in 
above-described Exemplary Embodiment 1 with the ex- 
ception that antenna main section 30 uses an antenna 
element formed by connecting in sequence from the 
side of stub 12, spiral, straight, and meandrous antenna 
element sections. 

[0031] By employing this configuration, the degree of 
freedom for design can be enhanced in addition to wider 
bandwidth, higher sensitivity, and downsizing capability 
of the antenna while being able to fine-tune the imped- 
ance characteristic. 

Exemplary Embodiment 8: 

[0032] Fig. 8 illustrates an antenna configuration in 
Exemplary Embodiment 8 of the present invention. In 
Fig. 8, antenna 34 is configured in the same way as in 
above-described Exemplary Embodiment 1 with the ex- 
ception that antenna main section 32 uses an antenna 
element formed by connecting in sequence from the 
side of stub 12, spiral, straight, and spiral antenna ele- 
ment sections. 

[0033] By employing this configuration, the degree of 
freedom of design can be enhanced in addition to wider 
bandwidth, higher sensitivity, and downsizing capability 
of the antenna while being able to fine-tune the imped- 
ance characteristic. 

Exemplary Embodiment 9: 

[0034] Fig. 9 illustrates an antenna configuration in 
Exemplary Embodiment 9 of the present invention. In 
Fig. 9, antenna 36 is configured in the same way as in 
above-described Exemplary Embodiment 8 with the ex- 
ception that feeding point 13 is provided on straight sec- 
tion 23. 

[0035] By employing this configuration, the degree of 
freedom for design can be enhanced in addition to wider 
bandwidth, higher sensitivity, and downsizing capability 
of the antenna while being able to fine-tune the imped- 
ance characteristic. 

Exemplary Embodiment 10: 

[0036] Fig. 10 illustrates an antenna configuration in 
Exemplary Embodiment 10 of the present invention. In 
Fig. 1 0, antenna 39 is configured in the same way as in 



above-described Exemplary Embodiment 1 with the ex- 
ception that antenna main section 37 is configured by 
disposing generally spiral parasitic antenna element 38 
inside the spiral of antenna element 11 . 
5 [0037] By employing this configuration, as antenna el- 
ement 11 and parasitic antenna element 38 are electro- 
magnetically coupled, antenna 39 can be operated in at 
least two frequency bands. 

[0038] Similar advantage can be obtained by forming 
10 parasiticantenna element 38 into a spiral having the 
same diameter as that of antenna element 11 and dis- 
posing it in such a manner that both antenna element 
38 and 1 1 overlap or locate in proximity to the outer pe- 
riphery of the spiral of antenna element 1 1 . Also, though 
15 not shown in Fig. 10, the same advantage as above can 
be obtained by electrically connecting one end of para- 
sitic antenna element 38 to grounding conductor plate 
15 in addition to the above configuration and, at the 
same time, the impedance characteristic of parasitic an- 
20 tenna element 38 can be tuned with ease. 

Exemplary Embodiment 11: 

[0039] Fig. 11 illustrates an antenna configuration in 
25 Exemplary Embodiment 11 of the present invention. In 
Fig. 1 1 , antenna 42 is configured in the same way as in 
above-described Exemplary Embodiment 10 with the 
exception that antenna main section 40 is configured by 
disposing parasitic meandrous antenna element 41 in 
30 proximity to the outer peripheral of antenna element 1 1 . 
[0040] By employing this configuration, as antenna el- 
ement 11 and parasitic meandrous element 41 are elec- 
tromagnetically coupled, antenna 42 can be operated in 
at least two frequency bands. 

35 

Exemplary Embodiment 12: 

[0041] Fig. 12 illustrates an antenna configuration in 
Exemplary Embodiment 12 of the present invention. In 

40 Fig. 1 2, antenna 46 is configured in the same way as in 
above-described Exemplary Embodiment 11 with the 
exception that antenna main section 43 is configured by 
forming straight section 45 on parasitic meandrous ele- 
ment 44 and disposing it in proximity to the outer periph- 

45 ery of antenna element 11 . 

[0042] By employing this configuration, as parasitic 
meandrous element 44 and antenna element 11 are 
electromagnetically coupled, antenna 46 can be oper- 
ated in at least two frequency bands. Also, by adjusting 

50 the length of antenna element 11 and straight section 
45, the impedance characteristic of antenna 46 can be 
tuned with ease. 

Exemplary Embodiment 13: 

55 

[0043] Fig. 13 illustrates an antenna configuration in 
Exemplary Embodiment 13 of the present invention. In 
Fig. 1 3, antenna 50 is configured in the same way as in 



20 



6 



11 



EP 1 291 968 A1 



12 



above-described Exemplary Embodiment 11 with the 
exception that antenna main section 47 is configured by 
forming parasitic meandrous elements 48 and 49 
spaced apart from each other and disposing them in 
proximity to the outer periphery of antenna element 11 . 
[0044] By employing this configuration, as parasitic 
meandrous elements 48. 49 and antenna element 11 
are electromagnetically coupled with each other, anten- 
na 50 can be operated in at least two frequency bands. 
Also, by adjusting the length and position of parasitic 
meandrous elements 48 and 49, the impedance char- 
acteristic of antenna 50 can be tuned with ease. 

Exemplary embodiment 14: 

[0045] Fig. 14 illustrates an antenna configuration in 
Exemplary Embodiment 14 of the present invention. In 
Fig. 1 4, antenna 52 is configured in the same way as in 
Exemplary Embodiment 1 with the exception that anten- 
na main section 51 is configured by making an antenna 
element by bending single antenna element 11 to form 
bent section 1 1 A and straight section 1 1 B. 
[0046] By employing this configuration, as an induc- 
tive reactance component of bent section 1 1 A is loaded 
to stub 1 2 thereby controlling capacitive reactance com- 
ponent of stub 12, it is possible to enhance the degree 
of freedom for tuning the impedance characteristic of 
antenna 52. Also ; as the polarization of the radiated 
waves from bent section 11 A and straight section 11 B 
are in orthogonal directions, this configuration provides 
an added advantage of improving the average effective 
antenna gain during actual use. 

Exemplary embodiment 15: 

[0047] Fig. 15 illustrates an antenna configuration in 
Exemplary Embodiment 15 of the present invention. In 
Fig. 15, antenna 54 is configured in the same way as in 
above-described Exemplary Embodiment 5 with the ex- 
ception that antenna main section 53 is configured by 
bending the side end of feeding point 1 3 of the antenna 
element to form meandrous element section 1 9. 
[0048] By employing this configuration, a reactance 
component is loaded to meandrous element section 19 
thus enabling enhancement of the degree of freedom of 
tuning the impedance characteristic of antenna 54. 

Exemplary Embodiment 16: 

[0049] Fig. 16 illustrates an antenna configuration in 
Exemplary Embodiment 16 of the present invention. In 
Fig. 1 6, antenna 58 is configured in the same way as in 
above-described Exemplary Embodiment 7 with the ex- 
ception that antenna main section 55 is configured by 
electrically connecting straight section 56 to a side op- 
posite stab 12 of antenna element 11 and further elec- 
trically connecting straight section 56 and one end of 
meandrous element section 57, and disposing mean- 



drous element section 57 in proximity to the outer pe- 
riphery of antenna element 11 . 

[0050] By employing this configuration, the degree of 
freedom for tuning the impedance characteristic of an- 
5 tenna 58 can be enhanced owing to electromagnetic 
coupling between antenna element 11 and meandrous 
element section 57 while being able to cope with a plu- 
rality of frequency bands. 

10 Exemplary Embodiment 17: 

[0051] Fig. 17 illustrates an antenna configuration in 
Exemplary Embodiment 17 of the present invention. In 
Fig. 1 7, antenna 62 is configured in the same way as in 

15 above-described Exemplary Embodiment 16 with the 
exception that antenna main section 59 is configured by 
electrically connecting branched meandrous element 
61 to a part excluding open end and stab 12 of antenna 
element 60 and disposing branched meandrous ele- 

20 ment 61 in proximity to the outer periphery of antenna 
element 60. 

[0052] By employing this configuration, the degree of 
freedom for tuning the impedance characteristic of an- 
tenna 62 can be enhanced owing to electromagnetic 
25 coupling between antenna element 60 and branched 
meandrous element 61 while being able to cope with a 
plurality of frequency bands. 

Exemplary Embodiment 18: 

30 

[0053] Fig. 18 illustrates an antenna configuration in 
Exemplary Embodiment 18 of the present invention. In 
Fig. 1 8, antenna 66 is configured in the same way as in 
above-described Exemplary Embodiment 17 with the 
35 exception that antenna main section 63 is configured by 
forming straight section 65 as part of branched mean- 
drous element 64 and disposing branched meandrous 
element 64 in proximity to the outer periphery of antenna 
element 60. 

40 [0054] By employing this configuration, tuning of the 
impedance characteristic of antenna 66 can be made 
with ease in addition to the advantages of Exemplary 
Embodiment 17. 



[0055] Fig. 19 illustrates an antenna configuration in 
Exemplary Embodiment 19 of the present invention. 
[0056] In Fig. 19, antenna 70 is configured in the same 

50 way as in Exemplary Embodiment 1 7 with the exception 
that antenna main section 67 is configured by disposing 
branched meandrous element 68 and parasitic mean- 
drous element 69 in proximity to the outer periphery of 
antenna element 60. 

55 [0057] By employing this configuration, tuning of the 
impedance characteristic of antenna 70 can be made 
with ease in addition to the advantages of Exemplary 
Embodiment 17. 



45 Exemplary embodiment 19: 
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Exemplary Embodiment 20: 

[0058] Fig. 20 illustrates an antenna configuration in 
Exemplary Embodiment 20 of the present invention. 
[0059] In Fig. 20, antenna 73 is configured inthesame 
way as in Exemplary Embodiment 1 with the exception 
that antenna main section 71 is configured by forming 
spiral feeder line 72 at feeding point 13 of antenna ele- 
ment 11 . 

[0060] By employing this configuration, the reactance 
component of feeder line 72 of antenna main section 71 
can be freely loaded and, as a result, the degree of free- 
dom fortuning the impedance of antenna 73 can be en- 
hanced. Also, as the polarization of the radiated waves 
from antenna element 11 and spiral feeder line 72 are 
in orthogonal directions, average effective antenna gain 
during actual use can be improved. 

Exemplary Embodiment 21 : 

[0061] Fig. 21 illustrates an antenna configuration in 
Exemplary Embodiment 21 of the present invention. In 
Fig. 21 , antenna 78 is configured in the same way as in 
Exemplary Embodiment 20 with the exception that an- 
tenna main section 74 is configured by electrically con- 
necting one end of spiral element section 75 to feeding 
point 1 3 of antenna element 1 1 and electrically connect- 
ing meandrous element section 76 to the other end 
thereby forming feeder line 77. 

[0062] By employing this configuration, it becomes 
possible to freely load reactance component of feeder 
line 77 of antenna main section 74 thereby enabling eas- 
ier fine tuning of the impedance characteristic of anten- 
na 78 than in Exemplary Embodiment 20. Also, as the 
polarization of the radiated waves from antenna element 
1 1 and feeder line 77 are in orthogonal directions, aver- 
age effective antenna gain during actual use can be im- 
proved. 

Exemplary Embodiment 22: 

[0063] Fig. 22 illustrates an antenna configuration in 
Exemplary Embodiment 22 of the present invention. In 
Fig. 22, first antenna main section 10A includes spiral 
antenna element 11C having an electric length that 
would provide an excellent impedance characteristic in 
a desired frequency band. One end of spiral antenna 
element 1 1 C is open and the other end is connected to 
stub 12A formed vertically downward. Furthermore, 
feeder line 14A is connected to feeding point 13A. Also, 
antenna main section 79 is configured by forming sec- 
ond antenna main section 1 0B in a manner symmetric 
with first antenna main section 10A with respect to a 
plane. Furthermore, grounding conductor plate 1 5 is dis- 
posed in parallel with the axes of antenna elements 11 C 
and 11 D with a predetermined spacing in between. 
Feeder lines 1 4A and 1 4B pass through holes 1 6A and 
16B formed on grounding conductor plate 15 without 



contacting. 

[0064] Antenna 80 is configured in a manner de- 
scribed above. Such antenna 80 as configured with a 
pair of 1 0A and 1 0B provides a half-wavelength antenna 

5 equivalent to a dipole antenna. 

[0065] A description of the operation of antenna 80 as 
configured above will now be given in the following. 
[0066] A signal power in a desired frequency band as 
received by first and second antenna main sections 1 0A 

10 and 1 0B are input to a radio frequency circuit via feeder 
lines 1 4A and 1 4B and a balanced-unbalanced conver- 
sion circuit (not shown in Fig. 22) of a wireless device. 
On the other hand, when transmitting, a signal power 
from the radio frequency circuit of the wireless device is 

15 radiated from first and second antenna main sections 
1 0A and 1 0B to the free space after conversely passing 
through balanced-unbalanced conversion circuit and 
feeder lines 1 4A and 1 4B. At this point, it is obvious that 
the radiation pattern for this antenna is equivalentto that 

20 of a dipole antenna. Also, the impedance characteristics 
of first and second antenna main sections 1 0A and 1 0B 
can be tuned in the same way as in Exemplary Embod- 
iment 1 . 

[0067] By employing this configuration, tuning of the 

25 impedance characteristics of antenna 80 is enabled with 
ease without using an impedance matching circuit. Fur- 
thermore, as first and second antenna main sections 
1 0A and 1 0B are fed in opposite phase, the character- 
istics can be regarded to be equivalent to those of a di- 

30 pole antenna. Accordingly, when antenna 80 is installed 
in a wireless device, it is possible to reduce the radio 
frequency current flowing in the case of the wireless de- 
vice and to reduce the effect of human body on commu- 
nication characteristics of the wireless device while the 

35 device is in use. 

[0068] In this exemplary embodiment, although an 
antenna as described in Exemplary Embodiment 1 is 
used, similar advantages and superior characteristics 
described in each exemplary embodiment can be ob- 

40 tained by using the respective antenna of Exemplary 
Embodiments 2 to 21 . 

Exemplary Embodiment 23: 

45 [0069] Fig. 23 illustrates a configuration of a portable 
telephone that employs the antenna in Exemplary Em- 
bodiment 23 of the present invention. As illustrated in 
Fig. 23, the top su rface of case 82 of portable telephone 

81 is planar, first and second antenna main sections 1 0A 
50 and 1 0B of the Exemplary Embodiment 22 are disposed 

in case 82 in parallel with the top surface, and antenna 
84 is configured utilizing grounding section 83 of case 

82 of portable telephone 81 as an antenna grounding 
conductor plate. The other configuration is the same as 

55 that of Exemplary Embodiment 22. 

[0070] By employing this configuration, as the 
grounding conductor for antenna 84 is configured with 
grounding section 83 of case 82 of portable telephone 
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81 , the degree of freedom for laying out antenna 84 into 
portable telephone 81 is enhanced in addition to the ad- 
vantages of Exemplary Embodiment 22. Also, case 82 
can protect antenna 84 from mechanical shocks thus 
lengthening life of antenna 84, and the degree of free- 
dom for cosmetic design of the main body of portable 
telephone 81 can be enhanced. Furthermore, as no im- 
pedance matching circuit is required, the price of porta- 
ble telephone 81 can be lowered. 

Exemplary Embodiment 24: 

[0071] Fig. 24 illustrates configurations of an antenna 
in the Exemplary Embodiment 24 of the present inven- 
tion and of a portable telephone using the antenna. In 
Fig. 24, the top surface of case 86 of portable telephone 
85 is shaped like an arch. The configuration is the same 
as in Exemplary Embodiment 23 with the exception that 
antenna elements 87A and 87B are disposed inside 
case 86 along the arched top surface. 
[0072] By employing this configuration, by disposing 
first and second antenna main sections 88A and 88B 
inside case 86 of portable telephone 85 along the arch- 
shaped top surface, the space in portable telephone 85 
can be effectively used thus achieving space saving in 
addition to the advantages of the Exemplary Embodi- 
ment 23. 

Exemplary Embodiment 25: 

[0073] Fig. 25 illustrates configurations of an antenna 
in Exemplary Embodiment 25 of the present invention 
and a portable telephone using the antenna. In Fig. 25, 
one antenna 94 as described in either one of Exemplary 
Embodiments 21 and 22 is disposed on the top end of 
circuit board 93 in case 92 of portable telephone 91 , and 
another antenna 95 as described in either one of the 
Exemplary Embodiments 21 and 22 is disposed on the 
bottom end. The levels of power received by antenna 

94 and 95 are compared, and the antenna with a higher 
power-level is connected with radio frequency circuit 96 
by using automatic controlled switch 97. Thus, a diver- 
sity communication system is configured. Here, the 
method of installing antennas 94 and 95 is the same as 
in Exemplary Embodiment 23 or 24. 

[0074] By employing this configuration, longer life can 
be achieved as case 92 of portable telephone 91 can 
protect antennas 94 and 95 against mechanical shocks 
and, at the same time, by using a diversity communica- 
tions system, the effect due to human body during use 
of portable telephone 91 can be minimized and excellent 
quality of communication can be obtained. Furthermore, 
by disposing the above-mentioned two antennas 94 and 

95 in a positional relationship in which they mutually in- 
tersect at right angles, improvement of the function of 
diversity communication can also be attained. 
[0075] Furthermore, the degree of freedom for cos- 
metic design of the main body of portable telephone 91 



can be enhanced by incorporation of the antenna, and 
the price of portable telephone 91 can be lowered as no 
impedance matching circuit is required. 
[0076] In Exemplary Embodiments 1 to 25, the spiral 

5 element section may be changed to a meandrous ele- 
ment section, and the meandrous element section may 
be changed to a spiral element section. Also, in config- 
uring an antenna element, a combination of different 
shapes as mentioned above or a combination of the 

10 same shapes is acceptable. 

INDUSTRIAL APPLICABILITY 

[0077] According to the present invention, as has 
15 been described above, a small and thin antenna with 
high productivity antenna is provided without using an 
impedance matching circuit, which complies with wider 
bandwidth, higher sensitivity, and multi-band capability 
and which allows easy tuning of the input impedance. 
20 Also, by incorporating an antenna of the present inven- 
tion in a wireless device, not only the antenna can be 
protected against mechanical shocks from outside, wid- 
er bandwidth, multiple bands, higher sensitivity, down- 
sizing, and low-profileddesign can also be enabled. Fur- 
25 thermore, as an impedance characteristic that corre- 
sponds to a desired frequency band can be obtained, 
no complicated impedance matching circuit is required 
in the radio frequency circuit of the wireless device thus 
also enabling price reduction of the wireless device. 

30 

Claims 

1. An antenna comprising: 

35 

a grounding conductor plate; 
an antenna element at least a part of which 
comprises a generally spiral conductor dis- 
posed apart from said grounding conductor 
40 plate; 

a stub electrically connecting an end portion of 
said antenna element and said grounding con- 
ductor plate; and 

a feeder line electrically connecting a feeding 
45 point on said antenna element at a predeter- 

mined distance from said end portion with an 
external circuit, wherein 
said antenna element is secured on said 
grounding conductor plate by a support mem- 
50 ber formed of a dielectric material. 

2. An antenna comprising: 

a grounding conductor plate; 
55 an antenna element at least a part of which 

comprises a generally meandrous conductor 
disposed apart from said grounding conductor 
plate: 
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a stub electrically connecting an end portion of 
said antenna element and said grounding con- 
ductor plate; and 

a feeder line electrically connecting a feeding 
point on said antenna element at a predeter- 
mined distance from said end portion with an 
external circuit, wherein 

said antenna element is secured on said 
grounding conductor plate by a support mem- 
ber formed of a dielectric material. 

3. An antenna comprising: 

a grounding conductor plate; 
an antenna element at least a part of which 
comprises a generally spiral and generally me- 
androus conductor disposed apart from said 
grounding conductor plate; 
a stub electrically connecting an end portion of 
said antenna element and said grounding con- 
ductor plate; and 

a feeder line electrically connecting a feeding 
point on said antenna element at a predeter- 
mined distance from said end portion with an 
external circuit, wherein 
said antenna element is secured on said 
grounding conductor plate by a support mem- 
ber formed of a dielectric material. 

4. The antenna of any one of claims 1 to 3, wherein at 
least a part of the stub, an antenna element, the 
feeder line of said antenna element is a straight con- 
ductor. 

5. The antenna of any one of claims 1 to 3, wherein at 
least a part of said antenna element is a straight 
conductor. 



11. The antenna of any one of claims 1 to 3, wherein a 
branched antenna element is provided on a portion 
other than an end portion of said antenna element. 

5 12. The antenna of claim 11 , wherein at least a part of 
said branched antenna element is a generally spiral 
or generally meandrous conductor. 

13. The antenna of any one of claims 1 to 3, wherein at 
least a part of at least one of said stub and said feed- 
er line connected to said antenna element is con- 
figured with a generally spiral or generally mean- 
drous conductor. 

14. An antenna including two units of the antennas of 
anyone of claims 1 to 3, wherein said two antennas 
are fed in opposite phase. 

15. The antenna of any one of claims 1 to 3, wherein 
said grounding conductor plate is shared with a 
grounding metal body of a wireless device. 

16. A wireless device equipped with the antenna of any 
one of claims 1 to 3, wherein a grounding conductor 
plate or grounding section of said wireless device 
is electrically connected with said stub, and said 
feeder line is electrically connected with a radio fre- 
quency circuit of said wireless device. 

17. A wireless device equipped with two units of the an- 
tennas of any one of claims 1 to 3 for diversity com- 
munication, wherein a grounding conductor plate or 
grounding section of said wireless device is electri- 
cally connected with said stub, and said feeder line 
is electrically connected with a radio frequency cir- 
cuit of said wireless device. 
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6. The antenna of any one of claims 1 to 3, wherein at 
least one parasitic antenna element is disposed in 40 
proximity to said antenna element. 

7. The antenna of any one of claims 1 to 3, wherein at 
least a part of said parasitic antenna element is 
formed of a generally spiral conductor. 45 

8. The antenna of any one of claims 1 to 3, wherein at 
least a part of said parasitic antenna element is 
formed of a generally meandrous conductor. 

50 

9. The antenna of any one of claims 1 to 3, wherein at 
least a part of said parasitic antenna element is 
formed of a straight conductor. 

10. The antenna of any one of claims 1 to 3, wherein 55 
said antenna element is bent at a predetermined 
point on said antenna element. 
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71, 74, 79, 88A, 88B: Antenna main section 

11, 11C, 11D, 33, 60, 75, 87A, 87B: Spiral element section 
11A: Bent spiral element section 
11B: Straight spiral element section 

12, 12A, 12B: Stub 

13, 13A, 13B Feeding point 

14, 14A, 14B, 72, 77: Feeder line 

15: Grounding conductor plate 

16, 16A, 16B: Hole 

17, 20, 22, 25, 27, 29, 31, 34, 36, 39, 42, 46, 50, 52, 54, 58, 62, 66, 70, 73, 78, 

80, 84, 90, 94, 95: Antenna 

19, 57, 76: Meandrous element section 

23, 45, 56, 65: Straight element section 

38: Parasitic spiral element section 

41, 44, 48, 49, 69: Parasitic meandrous element section 

61, 64, 68: Branched meandrous element section 

81, 85, 91: Portable telephone 

82, 86, 92: Case 

83, 89: Grounding section 
93: Circuit board 

96: Radio frequency circuit 

97: Switch 
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